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THE RESPONSE OF THE CHICK'S COMB TO
NATURALLY OCCURRING ANDROGENS
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The fact that the growth of the chick's comb is accelerated by
the administration of androgenic material has been demonstrated
by Ruzicka,3 by Burrows, Byerly, and Evans,' and by Frank and
Klempner.' Ruzicka painted the chick's comb with a 0.5 per cent
solution of androsterone in oil each day for a period of several weeks
and obtained large increases in comb area. He did not, however,
study this reaction quantitatively. Frank and Klempner applied
the androgens in oil solutions directly to the base of the comb of
white leghorn chicks. Applications were begun on the sixth day
after hatching and were repeated on ten successive days. The
animals were sacrificed and the comb weights were determined on
the day following the last application. These workers were able
to evoke adefinite response with as little as 20 micrograms of andro-
sterone. Burrows and his co-workers injected both androsterone and
testosterone either into the base of the chick's comb or into the breast
muscles and found that both of these androgens stimulated comb
growth.
We have investigated the response of the chick's comb to andro-
gens, with a view to its possible utilization in a quantitative method
of assaying androgenic activity. We have attempted, therefore, to
determine the sensitivity, the specificity, and the reproducibility of
this biological reaction. Approximately two thousand male and
female single-combed, white leghorn chicks from a carefully selected,
homogeneous stock were used in this study. All the animals were
fed the same adequate diet. The hormones employed were dis-
solved in olive oil and the various quantities injected were always
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contained in 0.2 cc. of oil. Control animals received injections of
olive oil alone. All injections were made subcutaneously in the
pectoral region, alternating sides on successive days.
Chicks of two different ages were used. The first group con-
sisted of chicks which were injected once daily for six days beginning
on the seventh day after hatching. They were sacrificed 48 hours
after the last injection, that is, on the fourteenth day. In subsequent
discussions, this group will be referred to as the 14-day-old animals,
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FIG. 1. Response of chick's comb to androsterone. 14-day-old animals.
or as the older animals. In a second group, injections were made
daily for six consecutive days beginningwhen the chicks were one day
old. These animals were autopsied on the seventh day. This group
will be referred to as 7-day-old animals, or the younger animals. At
post-mortem examination, the combs were carefully removed by
severing them at their base with a pair of fine scissors. This is a
relatively simple procedure, since the outline of the comb in this
breed of chicks is still sharply defined on the fourteenth day. The
comb and body weights were determined and the comb response
expressed as the ratio of the comb weight in milligrams to the body
weight in grams.
The response of, the male and female chick's comb to andro-
sterone is shown in Table I and Figure 1. Daily doses of 10 micro-
80RESPONSE OF CHICK S COMB TO SOME SEX HORMONES 81
TABLE I
Response of the chick's comb to androsterone. Injections were made daily for
6 days, beginning on the 7th day after hatching. The animals were sacrificed
48 hours after the last injection.
Micro- Mean Mean o Increase Probable
grams Number Body Comb in Standard Error
Per of Weight Weight Mean Mean Deviation of Mean
Day Animals Sex gm. mg. Ratio* Ratio (Ratio)t (Ratio)t
0 31 M 91.8 32.7 0.36 - 0.10 0.01
27 F 83.1 17.8 0.21 - 0.04 0.006
10 25 M 91.1 48.8 0.53 47 0.17 0.022
26 F 87.8 27.9 0.32 52 0.08 0.010
20 30 M 91.3 52.3 0.57 58 0.17 0.02
23 F 85.2 34.5 0.40 90 0.09 0.012
30 29 M 91.2 58.2 0.64 78 0.216 0.021
31 F 83.6 37.1 0.44 110 0.104 0.012
40 12 M 91.8 58.4 0.64 78 0.08 0.015
15 F 92.8 41.4 0.45 114 0.115 0.020
50 10 M 108.0 70.7 0.65 81 0.13 0.03
10 F 101.0 48.8 0.48 129 0.10 0.02
60 11 M 106.0 77.0 0.73 103 0.20 0.04
7 F 94.6 42.6 0.45 114 0.15 0.03
80 7 M 105.0 87.8 0.84 133 0.26 0.10
3 F 98.3 55.3 0.56 167 0.09 0.03
100 3 M 108.0 91.8 0.85 136 0.26 0.10
7 F 111.0 65.1 0.58 176 0.14 0.06
* In this and subsequent tables and figures, the mean ratio is the quotient of
mean comb weight in milligrams divided by mean body weight in grams.
t S. D. = P. E. SD. K
n-I Vn~
S. D. = Standard Deviation
P. E. = Probable Error
n = number of observations
r = comb weight body weight ratio of a single animal
m = mean comb ratio
K = constant = 0.6745YALE JOURNAL OF BIOLOGY AND MEDICINE
grams of androsterone administered for a period of six days caused
increases in the male and female comb ratios of 47 and 52 per cent
respectively. Though the comb
0.6 0 ratios of the male and female
control animals differed markedly,
the curves of comb response for
0O.50 the two sexes tended to parallel
2, k y each other. The percentage in-
0.4 0 / creases in mean ratios listed in Table I, however, suggest that the
female combs are slightly more
0.30 sensitive to androsterone than are
those of the males.
cj / In Table II and Figure 2 is s2.20 z shown the response of the 7-day-
old chick's comb to androsterone.
0.% 0 0Amounts of this substance up to
ANDROSTERONE IN MICROGRAMS 30 micrograms per day elicited
PER DAY essentially the same comb response
FIG. 2. Response of chick's comb in both groups of animals.
to androsterone. 7-day-old animals. The comb response to dehydro-
TABLE II
Response of the chick's comb to androsterone. Injtections were made daily for
6 days, beginning on the 1st day after hatching. The animals were sacrificed
24 hours after the last injection.
Micro- Mean Mean %o Increase Probable
grams Number Body Comb in Standard Error
Per of Weight Weight Mean Mean Deviation of Mean
Day Animals Sex gm. mg. Ratio Ratio (Ratio) (Ratio)
0 19 M 63.0 13.9 0.22 - 0.05 0.007
21 F 61.6 10.7 0.17 0.046 0.007
10 22 M 65.6 23.8 0.36 64 0.11 0.015
33 F 65.6 18.7 0.28 65 0.07 0.008
20 25 M 56.1 21.9 0.39 77 0.11 0.015
28 F 58.7 18.7 0.32 88 0.053 0.010
30 25 M 57.2 25.9 0.45 105 0.11 0.015
27 F 59.0 21.9 0.37 118 0.11 0.014
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isoandrosteroneispresented inTables III and IVandFigures 3 and4.
With this naturally occurring androgen we found different curves
of response in the two age groups studied. In the case of the
14-day-old animals there was a striking sexual difference in comb
response to dehydroisoandrosterone. For example, at levels of 60,
TABLE III
Response of the chick's comb to dehydroisoandrosterone. Injections were made
daily for 6 days, beginning on the 7th day after hatching. The animals were
sacrificed 48 hours after the last injection.
Micro- Mean Mean % Increase Probable
grams Number Body Comb in Standard Error
Per of Weight Weight Mean Mean Deviation of Mean
Day Animals Sex gm. mg. Ratio Ratio (Ratio) (Ratio)
0 41 M 104.0 52.0 0.50 - 0.15 0.016
39 F 96.4 26.8 0.28 0.08 0.008
30 15 M 106.8 50.1 0.47 -6 0.11 0.019
20 F 103.0 29.2 0.28 0 0.08 0.012
60 26 M 104.0 52.9 0.51 2 0.21 0.03
22 F 101.0 34.0 0.34 21 0.07 0.014
90 11 M 92.8 52.7 0.57 14 0.25 0.049
9 F 99.9 47.5 0.48 71 0.11 0.025
120 6 M 105.0 76.4 0.72 24 0.20 0.036
14 F 93.2 57.7 0.62 121 0.13 0.035
TABLE IV
Response of the chick's comb to dehydroisoandrosterone. Injections were made
daily for 6 days, beginning on the 1st day after hatching. The animals were
sacrificed 24 hours after the last injection.
Micro- Mean Mean % Increase Probable
grams Number Body Comb in Standard Error
Per of Weight Weight Mean Mean Deviation ofMean
Day Animals Sex gm. mg. Ratio Ratio (Ratio) (Ratio)
0 24 M 61.0 13.8 0.23 - 0.050 0.007
33 F 58.4 11.0 0.19 - 0.051 0.007
30 18 M 54.9 18.3 0.33 43 0.072 0.016
13 F 51.1 14.5 0.28 47 0.050 0.007
60 14 M 55.2 18.7 0.34 48 0.105 0.030
15 F 54.8 15.6 0.29 53 0.055 0.014YALE JOURNAL OF BIOLOGY AND MEDICINE
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FIG. 3. Response of chick's comb to dehydroisoandrosterone. 14-day-old animals.
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FIG. 4. Response of chick's comb to dehydroisoandrosterone. 7-day-old animals.
90, and 120 micrograms per day the female chicks showed increases
in comb ratios of 21, 71, and 121 per cent respectively, as compared
with increases of 2, 14, and 24 per cent for the male comb ratios.
It appears, therefore, that the comb of the female is more sensitive
than is that of the male to dehydroisoandrosterone. In the case of
the younger animals, however, no sexual difference in comb response
was noted.
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The comb response to testosterone, the third androgen investi-
gated, is described in Tables V and VI and Figure 5. In both the
7 and 14-day-old animals quantities of testosterone as small as
TABLE V
Response of the chick's comb to testosterone. Injections were made daily for
6 days, beginning on the 7th day after hatching. The animals were sacrificed
48 hours after the last injection.
Number
of
Animals
50
50
Mean
Body
Weight
Sex gm.
M 97.8
F 90.2
Mean
Comb
Weight
mg.
44.4
22.9
% Increase Probablo
in Standard Error
Mean Mean Deviation of Mean
Ratio Ratio (Ratio) (Ratio)
0.45 - 0.14 0.010
0.25 - 0.07 0.007
1 16 M 108.0 58.5 0.54 20 0.22 0.37
22 F 104.0 30.1 0.29 16 0.07 0.10
3 30 M 99.1 54.6 0.55 22 0.20 0.024
27 F 97.3 33.3 0.34 36 0.08 0.011
6 18 M 105.0 67.6 0.64 42 0.26 0.040
16 F 94.4 33.8 0.36 44 0.13 0.022
12 6 M 105.0 67.1 0.64 42 0.23 0.070
4 F 107.0 42.4 0.40 60 0.10 0.036
4 W
:k X
k x,
a 0
1%
It
0.60 _ ___
0.50
/
040 _ ____
0.30
020
7 DAY OLD ANIMALS
-- -14 DAY OLD ANIMALS
0.d0
0 / 3 6
TESrOSrERONL IN MICROGRAMS PER DAY
12
FIG. 5. Response of chick's comb to testosterone.
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1 microgram per day for six days produced definite increases in the
comb ratio. In the older group, comb ratio increases of 20 per cent
TABLE VI
Response of the chick's comb to testosterone. Injections were made daily for
6 days, beginning on the 1st day after hatching. The animals were sacrificed
24 hours after the last injection.
Micro- Mean Mean %o Increase Probable
grams Number Body Comb in Standard Error
Per of Weight Weight Mean Mean Deviation of Mean
Day Animals Sex gm. mg. Ratio Ratio (Ratio) (Ratio)
0 19 M 63.0 13.9 0.22 - 0.05 0.007
21 F 61.6 10.7 0.17 - 0.046 0.007
1 11 M 55.0 17.3 0.31 41 0.056 0.011
7 F 56.3 12.6 0.22 30 0.042 0.010
3 10 M 53.5 16.5 0.31 41 0.084 0.017
10 F 54.1 14.4 0.27 59 0.104 0.022
6 13 M 58.6 21.2 0.36 64 0.082 0.015
7 F 55.4 16.7 0.30 76 0.055 0.014
for the males and 16 per cent for the females were observed, as com-
pared with 41 and 30 per cent for the corresponding sexes in the
younger group.
In order to determine whether comb growth can be stimulated
by estrogens, fournaturally occurring ones, estrone, estradiol, estriol,
and equilen were investigated. Quantities of estrone and estradiol
TABLE VII
Response of the chick's comb to estrone and estradiol. Injections were made daily
for 6 days, beginning on the 7th day after hatching. The animals were sacrificed
48 hours after the last injection.
Micrograms Number of Mean
Estrogen Total Animals Sex Comb Ratio
0 0 10 M 0.29
6 F 0.18
Estrone 150 6 M 0.28
9 F 0.20
Estradiol 150 1 1 M 0.22 .11.
3 F
V. & 4
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TABLE VIII
Response of the chick's comb to estradiol, estriol, and equilen. Injections were
made daily for 6 days, beginning on the lst day after hatching. The animals were
sacrificed 24 hours after the last injection.
Micrograms Number of Mean
Estrogen Total Animals Sex Comb Ratio
0 0 5 M 0.25
12 F 0.22
Estradiol 150 5 M 0.25
9 F 0.22
Estriol 240 8 M 0.23
5 F 0.22
Equilen 240 4 M 0.23
9 F 0.21
up to 150 micrograms caused no comb stimulation in the older
animals. When estradiol, estriol, and equilen were administered
in rather high dosages to 7-day-old animals, similarly negative
results were observed.
In comparing comb growth with total body growth in the control
animals, it was found that the ratio of comb weight to body weight
remained constant during the first seven days. During the period
from the seventh to the fourteenth day, however, striking increases
in comb ratios were observed, and these were especially marked in
the males. This fact points to the younger chicks as the more
satisfactory test animals.
TABLE IX
Growth of the chick's comb during first 14 days after hatching.
Days after Number of Mean Comb
Hatching Animals Sex Ratio
1/3 22 M 0.22
18 F 0.19
7 37 M 0.22
40 F 0.19
14 20 M 0.51
18 F 0.30
We are at present studying the chick comb response more partic-
ularly as a method for the quantitative determination of androgenic
activity in biological materials. Our results thus far indicate that
it is sufficiently sensitive to detect an amount of androgenic activity
equivalent to 0.3 international unit. By the use of this method we
have been able to determine the amounts of androgenic activity in
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FIG. 6. Growth of chick's comb during first 14 days after hatching.
urine of young children, monkeys, and dogs, in which the concentra-
tions of active material are small as compared with that found in
the urine of normal men and women. A more detailed report on
this assay method is being prepared for publication.
Summary
The ability of androgens to accelerate the growth of the chick's
comb has been confirmed. The quantitative response of the chick's
comb to androsterone, dehydroisoandrosterone, and testosterone,
three naturally occurring androgens,-has been investigated. No
comb growth acceleration was elicited by the administration of even
large doses ofnaturally occurring estrogens. The estrogens studied
were estrone, estradiol, estriol, and equilen. The use of the chick
comb response as a method for the quantitative determination of
androgenic activity is discussed.
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